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<g) Imaging Immunoassay detection system and method. 

@ Light generated by one or more chemical reactions in a dis- 
aTtoVel^r * S , determined - b °<" « «o Missions per reaction and 
"X? ,W ' , ^ a,,MOf * awctiw »'«-9-«i"9..VStemcom- 

r-on,! SamP ' e C3rrier having s P ac «i-apart discrete areas each 
containing a reactant capable of emitting light photons if a 
reaction takes place; pnoions ir a 

Ph0 !°" : eC6i V6r ' ,or 'reiving photons emitted from each 
reaction simultaneously; and 

o«n»!J i9nal 9ene , rator cou P ,ed «o the photon receiver, for 
generat.ng a signal representing the x-y location of each reac- 

coud£° h^" 3 ' 9ene l ator ma V be a photomultiplier. charge- 

sui«d,ofh.r.° r V ' d ' COn tUbe The inVenti ° n is P'ticutorly 
su ted to the determination of reactions and non-reactions, e q 
be ween an array of labelled antibodies and a specimen potent 
t-ally contam.ng one or more complementary antigens, in an im- 

munoassay. 
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This invention relates to • 
detection system and method lm * gin9 immui ™ * 

BACKGROUND 0F THE TMWM .» T „„ 

Highly sensitive insfn™^4. 

* tec hnigues has been : P r e T:: a :: a °" £or 

reactions o f extremely small quantities ■"""Tr" 1 
chemical substances. Por ^ ^ ana 

radioimmunoassay are used which are , e „, J"* 
. and precise, but reBnir. . . sensit "e, accurate 

o e q u iPme „t. other "Lad":^: 1 :: 9 T" coun tina 

the short half-life of Ze III '*"*-*■ inCl "** 

ot u, ing a„d -sposin; :rthTr:dwt p i e :; r the danser 

in such assays. ""active compounds used 

Another prevalent technique is the oot • 
> enzyme immunoassay which util^T ^olonmetric 

j wxncn utilises enzymes a<= i^k^i 
enzyme-linked immunoreactant binds ei^« T ^ *" 

or to an antibody, causina . antl 9en 

can be detected b y a colour ch ^ ' ^ 

usually slower than an assay is 

involving automate, ^Z^'^ 1 

antibody with fluorescent pro bes ^^^Hi^l 
a photon-counting fluorimeter that mav J ' 
assay Oisadvantages or such T^JZ ^ ^ 
necessity of processing only one sample at I time otH 
systems attempt to use laser beams as the exteZi 1 , 

usT:<,:° excite the soiuti ° n - ^scioied in a light 

US-A-3984533. Again , this system r » _ 

sample at a time. Process only one 

„ Inst ^ntation for luminescence assays 
advantageously involves a self-exciti n„ i • 
svstem i„ ^ exciting luminescing 

sysrem, m direct contract- «i . 

contrast to fluorimeters which -,- i ,• 
« external l ight source. In general, existing 
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rs ar ^ complex i n ^ 

Further e fforts to * **" r «9-t being 
W simultaneously "alyse more than ^ P ^. 
5 b«n successful. Eff ' r " * ■'"-"iftiv. sense , J'"' 
J* a system describe* thi. end are ^ 

r n ~ tric to L Pa t r :r: e B r ? ^ in 

««lc.l Chemistry, vol 2 7 N *»*lWn-. " 

carrier is prepared ^.'J "°- 8 „ h erein a 

10 analysis bv » , ° ntainin 9 a plurality of r», 

„, « By a X-uminometer wh • v "agents 

Production during reaction by IT — 
«•« method and apparatus h^ Ph ° t0 - COU ""ng . However 
firing the reactions tot;:" 6 « 

» and 3 ^ * miC "P"-ssor U jrr "—tially. one 
and air va *ves for add " as to control fl uid 

r carri « «■ ™*?vt°* to j h 

the ^dividual wells sequential * Pla "' t0 «—itiw 
or^er to enable the »„oT * ° Ver 3 P"°totub e i„ 

o --ted. The resa l/ s h :: r °r d ^"- * «>. reaction to be 
though photMs ~ by a printer * 

intervals, obviously a great 1 , 10 
quired to analyse hundreds or th^ "« 
-Pecans in sequential order th ° USa " ds ° f *•« 

^ addition, GB- A - 2 * °" e at * «»>*• 
ohen.ilumi„ometer tnr / 1323 <? discloses a 

-PXes. The results™": 0 ^? 
semi -'J"antitative. ' no " eve r, are only 

It has heretofore not- h. 
luminescent assays on J££? to out 

Simultaneously i„ . short «■« volume SMples 

Presently existing t.*,^"^' 1 "' seconds. 
■** a "me and often requires^f!™" 3 such assay 

° f 2°° Ml or more. 96 VOlume samples, i. e . 

As used herein tho » 
"luminescence- mean all kin T " 1UMines «"" and 

llght mission except 
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incandescence and include chemi luminescence 
b.olu^inescence, prompt fluorescence, delayed 
fluorescence and phosphorescence and the «„, 

» 2 29- 2 33 eeS df J ' PhyS - E: SCi - InSt — "'(1981, 

111 I trill 3 ni " iatUre ima ' in9 *>°*°~*etector 

with a transparent photocathode Tt- i «, 

in astronomy and geophysics. «* ™* 

SUMMARY OF THE T^ttt^ 

The present invention overcomes f ho „• 
1 and provides an imad* • ercomes the given drawbacks 

sysJ* and ^o^^ZZtT^ " 

samples simultaneously. 

The present invention is verv adv*,,.., 
as it is verv w advantageous inasmuch 

.!■» ,* because it analyses all samples 

simultaneously, is extremely accurate because it IL ■ 

^rrr notionof h - 

errors as in sequential resolution, can use an internal 

L fo n l a a r t SUCh . aS 3 kn °" n SamPlS «» compara^vT 

partly 1 " adaPtable * to handle any 

partxcular wavelength of light, and ls versatile ** 

° an d " eCt y -quiring external light as , 

those that do not require external n„ h . 

to operate with immunoassays uHu.^ T beln9 ^ 

fluorescence and the lifce " lllSln9 '"'""^ «- 

£:r; :r=„ —;;-;.„.., 

=he„ 1C al reactant samples capable of emitting photlns If 
a reaction ta.es place, the plurality of realtanL 
containing areas being arranged in spaced relationship 
With respect to each other; imaging means associated with 
said carrier means for simultaneously receiving 
individual photons emitted from each area sample where a 
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reaction is taking place; and means 

Photon-receiving Paging means for generating - 
representing the x-v i , generating a signal 

g tne x y location of each area sample 
generating a photon, whereby the reactants in h area 
5 sample having a reaction and the number of its photon 
emissions over any predetermined period of til " 
simultaneously identified. * be 

The invention also comprises a method of 
10 ^ mU h ltaneOUSl * -feting photons generated by a pluralitv 
10 of chemical reactions, comprising "the steps of J , 

the samples beina ar r „„^ . 1011 take! Place, 

" 9 ar ™nged rn spaced relationship with 
respect to each other, and simultaneously detectfna the 
» presence and x -y l OC a tion of each ^J^TV* * 
"actxng samples, whereby the total number of photoT 

ziitj™ each reacting - fie ~~ * ^teiin n : d 

period of time may be determined. 

20 raoid^T PrSSent inV6ntion is not only extremely 

rapid and processes simultaneously multiple assays but 
also^enables considerable economies to be made il he use 
of often expensive reagents concerned because only sma 
quantities of samples are required. 
DESCRIPTION OF THE DRAWTwr.c 

Figure 1 is a diagrammatic representation of the 
novel photon detection system; 

Figure 2 is a di agrain matic representation of the 
xmaging photon detector used in the system of Figure 1- 

Figure 3 is a representation of both background 

Z*Zi: 9 T S * n t S±9nalS fr ° m diSCretS ~~ ot reaction 
(whereby the background noise signals may be cancelled 
leaving only reaction signals); 

Figure 4 represents a carrier in which multiple 

35 s a t^darl ^ * ^ Sil ™ lt£ ™^ ~ i n which . 

standard reaction may be compared with other reactions- 
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Figure 5 is a diagrammatic representation of how a 
wavelength interference filter may be used with the 
carrier of Figure 4 to pass only a particular light 
wavelength, thereby allowing only photons of a particular 
wavelength corresponding to a labelled antibody to pass 
to the imaging detector; 

Figure 6 is a schematic representation of a circuit 
in a Coprocessor for subtracting background noise from 
the sample signals to obtain an output signal 
representing substantially only pure photon emission from 
a reactant sample; and 

Figure 7 is a diagrammatic representation of the use 
of invisible ultraviolet radiation as a source of 
external light. 
DETAILED DESCRIPTION 

The apparatus of the present invention, which will 
be described in further detail below, may be utilised 
with any number of different assay techniques as stated 
earlier, but will be described with particular reference 
to the use of luminescent immunoassays in the detection 
of antigen-antibody reactions. More particularly, the 
invention can be employed to detect the characteristic 
reactions of labelled monoclonal and polyclonal 
antibodies with antigens found in samples such as urine, 
faeces, blood, milk and water and the like. 

Polyclonal antibodies are well-known. Monoclonal 
antibodies may be prepared by the technique first 
described by Kohler and Milstein, Eur. J. Immunol. 6, 292 
(1975). m order to detect the presence of particular 
antigens, the monoclonal antibodies may be labelled with 
a multitude of different labels, such as luminescent or 
fluorescent compounds. Further, the particular labels 
utilised in the present invention must be capable of 
emitting light once the antigen-antibody reaction occurs, 
and thus the reactions are designated as "light-emitting' 
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reactions". The present invention will be described 1 
general with reference to a , • described ln 

xerence to a luminescent-labelled 
monoclonal antibody, althmmh *i 

wi, although fluorescent labels mav 
be used as disclosed hereafter * Y S ° 

5 :;:r::rr b r s th < - - 

Luminescence is the emission of light bv an al ™ 
molecule as an electron is transferred lo the ground ™ 

10 state from a higher energy state. In both 

chemiluminescent and bioluminescent reactions, the free 
-ergy of a chemical reaction provides the energy 
reared to produce an intermediate reaction or product 

15 b" " • 1 ~*"» 1 «"Y «e ited state. Subsequent decay 
light B th Y rOUnd S — is -=ompa„ied by emission of 
light Biolumxnescence is the name given to a special 
form of chemiluminescence found in biological systems 
such as the firefly, i„ which . catalyt±c * ' 

20 ^7f\ SUCh " increases the efficiency of 

I 1 "™?' «»e„ this luciferase enzyme is 

of ATP (adenosine triphosphate) , magnesium and oxygen a 
flash of light is produced, whose intensity is 

25 The fl refly luciferase/luciferin/ATP system is as 

follows : 

ATP Luciferase AMP + PP + hv 

Luciferin 

where hv is the energy of a photon, h is the Planck 
30 constant, and v is the frequency associated with the 
photon. 

Assays of the invention can directly determine the 
number of l ive organisms in a sample, either because the 
presence of ATP in a test sample indicated live cells or 
l5 because of the presence of immunoglobulins labelled with 
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a luminescence-detectable enzyme (like peroxidase or 
luciferase) . 

Chemi luminescent substances such as luminol may als< 
be utilised in a horseradish peroxidase-catalysed 
oxidation, as follows: 

luminol peroxidase products + hv 

H 2°2 

In the present invention, the "light-emitting 
reactions" generate photons which are coupled to an 
imaging device such as an imaging photon detector, a 
charge-coupled device, or a vidicon tube (any of a 
variety of camera tubes having a photoconductive target) . 
in the preferred embodiment, an imaging photon detector 
is used. 

In particular, the reactions may be generated by 
reactants spatially arranged in individual areas on a 
sample carrier in a single row or column or by a 
two-dimensional array of reactants spatially arranged, 
for instance, in rows and columns. For example, a 
carrier may have an array, such as rows, of 1 mm outside 
diameter nylon tubes containing the labelled monoclonal 
antibodies, to which is added the specimen or specimens 
being tested for the presence of an antigen. The fluids 
involved are self-contained and of a very small volume. 
Thus, an advantage of the present invention is that the 
imaging photon detector can quantify (in 10 seconds or 
less) light emitted from multiple "light-emitting 
reactions", in volumes of 3 ul or less, i.e. much smaller 
than can be used in known apparatus. 

Another carrier suitable for use with an imaging 
photon detector is a microtiter plate with multiple 
samples in rows and columns. A particular plate may 
contain as many as 96 individual wells. Each well 
contains different labelled monoclonal antibodies 
adsorbed on the surface of the plate. A portion of the 
specimen is added to each well. The presence and 
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using 
Laments ; 



entity of a particular antigen <„ 

determined by the number of JL *" lndividual is 
antigen-antibody reaction. 9enerated by the 

A third carrier involves n,» 
5 immobilised antibodies on I", V"""" 1 * ° £ 

labelled monoclonal antl^ie^^ °l '"~ nt ' 
individual areas on a plura lty o" ™ is * d 
filament nay bea r a different, b , * llmmBta ' E *= h 
antibody capable of emitting! * 
" an antigen. Because T h c ^ ^ ^ «' 
filaments generate lig ht 21 °" indivi ^al 

system can quantitatively dete^ Ph ° t0n "•'•<'"«» 

particular antigens. dete ™«e the presence of 

- numbero% p d^ s fei n i r:yp t :: n or vi r 9es the u ~ ° f *»* 

produced, li 9 ht-emittL P g reacrio:^ 1 :: 

the image photon detectL Is " ^ °"» by 
the present invention counts the 

impinging upon a liohV "dividual photons 

« i- 9 in 9 Photon detector " —-'node of „ 

Each of the above m M „ e 
Of reactants can be ,17Z\1 C ° ntai " in S a plurality 
described below, i„ %L the T"*" 
the specimen carrier Lans """"^ *' "rifled as 

^efere^r^errr/r 1 * 

of -x^ irsrr ■-- ' anaiy£is 

detector. The system . 9 "«9ing photon 

ne systein enables the detection „f 
concentrations of a,hcf, Ctlon of ve ^y low 

or substances present- < n <i 
specimens which in th„ P rese "t in fluid samples or 

' tne course of their- t-o=„«- • 
light photons under certain ^ *• reactlon ' emi * 
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*xg. 1 sh ows a specimen carrier means 10 which may 
include a plurality of fluid samples all capable of 
simultaneously undergoing a reaction. Samples can be 
spaced in individual areas as a row or column or in a 
two-dimensional array of rows and columns as shown in 
Fag 3 and Pig. 4, for example only. The reactions that 
produce light generate photons 12 which are focused by an 
optical system 14 to form the image of the light outputs 
of each of the samples on a photoconductive target form- 
xng a portion of an imaging photon detector (i PD ) 16 The 
imaging photon detector 16 will be disclosed in detail 
hereinafter but is known in the art; it immediately 
converts incoming light into quantitative information 
which can be stored and processed within a memory of any 
conventional computing means such as a microprocessor 24 

The imaging detector 16 of the present invention 
takes simultaneous readings of discrete sample areas such 
as the solid dark areas of Fig. 3 , rather than averaging 
the readings of the entire sample area (including the 
carrxer area surrounding the sample) . Background noise 
represented by the shading lines in Fig. 3 , is caused by 
non-specific binding antigens or antibodies to the solid 
surface of the carrier, which are not washed away in the 
preparation of the carrier. Conventional detectors read 
these signals generated by this undesirable binding and 
because these conventional detectors average the signal' 
over the entire sample area, they interpret these 
undesired false signals as a positive reaction. 
Background noise effectively decreases the sensitivity of 
the assay at relatively low levels of concentration, 
where the positive reaction signal has nearly the same 
intensity level as the background noise. 

The present invention eliminates the background 
noise problem by simultaneously reading the signal from 
the background environment and the signal from the 
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concentrated reaction area 

„ ea and «.">Parin g the two 

readings. Because the eraser.* • 

Present imaging immunoassay 
detection system can read signals from numerous discret 
reaction areas at the same instant, a rear t^e ' 
meas or the signals from the discrete areas of 

reaction in a two-dimensional array can be tafcen § 
averaged, and compared with the signal represent^ t„ \ 
background noise caused by the non-specific bind 
computer ,< can analyse and display the results b^' ^ I 
subtracting from the signals representing the discrete f 
areas of reactions the signals representing the 

without repositioning the " ^ ^ ^"H^.T' ^ 
using seguential detection, resolution e^rs I 
from imprecise mechanical repositioning of the sampled i 

sysJ^ lolTmoretln^™^ I 

nan one discrete reaction ai- * f 

*-.. con trasting reactions can be rel ;:: ve at to a i 

one another. By way of illustration, in a I 

two-dimensional array of samples as in a microtiter tray ! 

represented in Pig. 4, reactions can be spared * 1 

side-by-side simultaneously. The amount of photons \ 
generated by each reaction can be read and analysed by 
computer 24 and the relative extent a * + • 

30 in rh{e extent of reactxon compared. • 

in thxs way, a more accurate comparison can be made ! 

between specific samples, thus providing better test I 

results. As an example, a negative reaction may be j 

Placed i„ « discrete area A in Fig. 4, to serve as a I 
control for purposes of comparison with a positive 

reaction in a discrete _ ■ ; 

axscrete area B. The negative reaction in • 
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discrete area A may still generate spurious signals 
caused by non-specific binding, as pointed out earlier. 
This background noise level is potentially constant 
across a given carrier such as a microtiter tray and is 
5 useful in setting up a base level of signal generation 
from which more positive reaction can be compared. 

Thus, the present imaging system is capable of rapid 
quantitative analysis of samples. Because of its unique 
ability to simultaneously read and analyse numerous 
10 samples, the time necessary to produce results is 
dramatically reduced. 

Furthermore, the sensitivity of the present imaging 
system allows for very accurate measurements even at very 
low concentrations of the samples. For instance, an 
15 imaging photon detector is capable of measuring 

individual photons of light. By using amplifiers, the 
system is able to register very low concentrations of 
materials and is therefore useful in areas such as 
diagnosing for the presence of infectious organisms, as 
20 well as drug monitoring and disease detection. 

Because of its sensitivity, the imaging system can 
not only detect minute quantities of a reaction samples , 
but can also read a very small area of reaction. Thus, 
the amount of reagent and the area which are needed to 
25 conduct the assay are less then before, thereby 

minimising the cost of reagents and carrier materials. 

The output of the imaging photon detector 16 on line 
18 comprises analog signals which represents the x-y 
spatial correspondence of each detected photon, thus 
30 identifying electrically the x-y address of the sample or 
specimen that produced the light. These analog signals 
are coupled to an analog-to-digital (A/D) converter 20 
which produces digital output signals on lines 22 
representing the spatial orientation of the specimen 
35 source producing the photon received by the imaging 
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digital signals 22 are = ? " Ph ° t0n - The 

* »e proved to dispL! it inf0rmati °" — can 

reactions continue C a '-—t. T he 

aesi red predetermined perLd If le thr ° U ' h ° Ut 
» seconds or less, an! th . .^Hi ^ as 
each reacting sample is ^ , Photons produced by 

m a«ipxe xs accumulated in » y 

10 microprocessor 24 Th„ e • memory of 

Thus, microprocessor ->a 
signals on l lne 26 to video display 28a J 
visua! display and analysis of the lL ht Pri " ter " 
accumulated, from samples 10 "cexved, and 

» whi Ch A i:: n r tl ti: r^vir^ on vid °° « 

—ve amount of^ oTnZer^f X^""" «- 
generated by each sample. Such Till T ^ 

proa f :v 7— ^rr also * 

address) can be produced 61r x ~ y 

fioaucea, the xntensitv of + t • 
generated by eac h sample beina ght 

„ . y e greatest amount of liaht nx„- 

.« microprocessor 2< can perform any operation on 1 ^ ^ 
samples as desired to correct and cali brate t l 
to compensate for any inherent noise Tn T ^ ™" 

weil Known banner such as ^Tj^]^™** 

or a refrigerant about th. lrculatln 9 a cooling l iquld 
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Fig. 2 is a diagrammatic representation of the 
construction details of the imaging photon detector used 
Pref — d embodiment herein and which is known in 
the art. The detector may be type IP DG i or type 
5 manufactured by Instrument Technology Limited in East 
Sussex, England. The imaging photon detector 16 is a 
two-dimensional imaging sensor capable of detecting 
extremely wea* radiation, e.g. capable of detecting an 
ATP content in the sample down to as low as lo" 16 
moles/sample. As indicated earlier, that image is 
produced in analog form which is converted through an 
analog-to-digital converter 20 to a digital form for 
use by the microprocessor 24. 

Li * ht is composed of individual photons. Each 
xndxvxdual photon has an extremely small amount of energy 
assocxated therewith. m most common images, the light 
contaxns fluxes of m ili ions or billions Qf ^ ^ 
square centimeter and per second. Using the imaging 
Photon detector 16, each incoming photon has a high 
-0 probability of detection by the photocathode 32 

The photoconductive target 32 can thus be thought of 
as equivalent to a photographic fil m except that it has a 
sensxtxvity of the order of 100 times greater. When a 
Photon strikes the light sensitive photocathode 32, a 
photoelectron is released from photocathode 32 and is 
xmmediately accelerated into a series of microchannel 
Plate intensifies or amplifiers 34. As a result of the 
intensification created by microchannel plates 34 a 
gain in the range of 3xl0 6 to 3xl0 7 electrons is emitted 
from the rear of each microchannel plate for each 
xncxdent photoelectron and thus corresponds to each 
initially detected photon. The combination of the 
mxcrochannel plates 34 thus enables extremely small 
amounts of light to be detected. 
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A resistive anode encoder i 
benind tne microcnannel p^" ^diately 
^"t into signals translates tne electro, 

two-dimensional x-y add^ Passed easily lnto a 

* *»». tne sample. IS " °' ^ dete " ed Pn0t °" — 
—ive ano'de 3 6 r^."^^* «* <" 
present a linear x-v r. • 9 ' 1S USed to 

event. Tne IZT'T" °' ^ 

38 is suitably processed tT electrodes 
° representation of tne x v ! ' di ' ital 

pnotoelectron (and t „ U s L! T °* *"* lncld-nt 
digital converter 2 a by -»«°g-to- 

Pi„ , d '"""Processor 24 

Pi9- 1. Tnus, by tne use of tne i„, Sn °" n " 

16, tne full image of all If T ^ P not °^tector 
» — sions is coated b " ^ " *» *" 

onto tne pnotocatnode 32 Dno !! * 96 f °° USed 

Present system detects L y " Pn ° t0n - T " US ' tn * 

*- — 1P ie -a 9i n;:%: s iL^\ s nf ::r tion reiati - 

y sm aii amounts of licm+- 
single pnoton. and ouantif ie™ TrJLT ' 
specific x-y sample or specimen addres^ *" 

(CCD) as tne imaging device " ZT^ 1 " «" *~ 
tne art. Tney are us.rf • ' Wel1 known in 

iensinc system "li lt ^Z^^T T " 

-icn focuses ii, nt froin *» » 

(sample array 10 in F ig. „ on to tne CCD IV'- ^ 
counts of lignt from individual .„ , y1 " 9 
individual pixels „itn in Z cll Z C T °" 
different levels proportional to tne incId^T ^ *° ' 
Tnus tne optical information or lignt fro^ ^ 
10 is available i„ , 9nt from sample array 

«ray IS Z\ " T °l ^ ^ *" of ceo 

Tne analog information is tnen snifted out 
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of tne CCD and converted to digital form in a well known 
manner by tne analog-to-digital converter 20 and is 
tnen coupled to a memory in computer 24 wnere tne various 
measurement levels and comparisons can be made by 
appropriate manipulation of tne digital information. See 
"Imaging", Tne Optical Industry and System Purcnasing 
Directory, 1983, pp. E-72 to E-74. 

As is well known in tne prior art, tne individual 
P^els witnin a CCD array are closely spaced and arranged 
horizontally in rows and vertically in columns so tnat a 
given CCD imaging device 16 provides a fixed number of 
Pixels of information. For instance, some CCD's nave 320 
vertical columns of pixels and 512 horizontal rows of 
pixels . 

CCD's nave several characteristics wnicn make them 
advantageous in the present invention as an imaging 
device. CCD's are small and rugged and have closely 
spaced pixels and are therefore useful where, as here, 
precise measurements are required. They also receive an 
image by the direct reception of light energy without 
being scanned, and store the received data until the data 
are transferred to another storage device. Further, the 
data received from the CCD can be processed by simple 
comparison or detection techniques, thereby avoiding 
complex and major time-consuming sampling techniques 
ordinarily used to process such data. 

Anotner imaging device which can be used instead of 
an imaging photon detector or a CCD is a vidicon tube. 
The name vidicon is^ generally applied to any of a variety 
of tubes having a pnotoconductive target. The vidicon 
operates in a well known manner and utilises an electron 
beam to scan a light-sensitive pnotoconductive target, a 
transparent conductive layer applied to the front side of 
the photoconductor serves as the signal or target 
electrode. The target electrode is operated at a 
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10 



positive voltage witn respect . 

pnotoconductor union operates J ° f tne 

-lta g e. x„ operation! tn. . " ""T" 
marges tne bac* side of ,1 ^"ally 
Potential Bnen . , pattern • '^"^ <° 
Reused on tne pnotoconductor "J 9 " Pn ° t0n * " 
« tne illuminated areas and L * T ^ 
-arges to .ore positive vaiue" T ° f 
reads tne signal by depositing ', ele «ron beam tnen 

Positive^ cnarged areH t" 9 ! leCtrons °" tne 

capacitivexv copied T^ITZ Pr ° Vidin9 3 
eiectrode. See n ,„ agIn 9 «^ J**-! 
Devices, 19, pp 3.9. ' RCA s °li° State 
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Tnus, as used in Fig 
P«oto„s or lignt output from 'tne^e"" ^ 
tnrougn optics 1, and produces tnlT reaCtions 
"ne 18 as described eLlier T ' ° UtPUt °" 

line 18 is coupled to tn ' an alog output on 

! — « - ,or tne imaging' p^T^- *» - — . 
« ls also possible to use multio,! • 
«tn tne imaging immunoassay deJc^Ts 
Present invention. Differed antlbo^ ™ °' 

witn different indicators and * ntlb ° dles are labeled 
discrete areas "on tne c " """^ **» Afferent 

t» 'i.. 4, discrete area Ha 1 T'"' T ""'' 
witn an indicator sucn ..iZ^i'^"^ 
nave an antibody labeUed witn InT* ** 8 

bacterial reductase, and so fortn IT" ""^ " 3 
generates a different wavelengtn of ^ 
area for eacn antibody nas it! „ ' dis «ete 

o* lignt wnicn can be detected b 

can be seen i„ Fig 5 a wa ^ device 16. As 

« of tne desired'na^acterirtrrs 9 " 'T^— 
-mpies 10 and optics 14 Z n t Z t Vl 

n tnat onJ -y pnotons of a 
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particular wavelength corresponding to an antibody 
labelled with a particular indicator pass through to the 
imaging detector 16. In this manner, the novel imaging 
immunoassay detection system can be made wavelength 
selective, thereby permitting greater flexibility and 
sensitivity . 

It will be understood, of course, that if a 
fluorescing material, such as fluorescein, is used as the 
label, invisible ultraviolet light or black light will 
have to be used. Fig. 7 illustrates such apparatus, 
wherein an ultraviolet light source 54 is powered by an 
appropriate power source 56. Ultraviolet light rays 58 
impinge on samples in carrier 10 which fluoresce if a 
reaction takes place. The remainder of the circuit 
operates as described above in connection with Fig. 1. 

As shown in Fig. 6, the signals detected by imaging 
device 16, representing background noise and sample 
signals combined, are stored in a memory 42 of 
microprocessor 24. The detected signals representing 
background noise alone are stored in a memory 44 of 
microprocessor 16. By coupling these two stored signals 
on lines 46 and 48 to an arithmetic unit 50, and 
subtracting one from the other an output signal is 
obtained on a line 52, which represents substantially 
only pure photon emission from any selected reactant 
sample. Thus, background noise is substantially 
eliminated or minimised. 

The system of the present invention can be used in 
conjunction with labelled DNA or RNA probes instead of 
antibodies as a diagnostic tool. DNA probes or RNA 
probes are specific sequences of amino-acids that are 
complementary to particular sequences of a sample piece 
of DNA or RNA. These probe pieces of DNA or RNA can be 
labelled with an indicator so as to generate a signal, 
analogous to an immunoassay, and would be contained in a 
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carrier 10 such a<? 

l -" as shown xn Fio i T 

RNA is first reeved fro„ a ce U or oth "**' " 
sample containin, a DNA or R »I structure i„ , 

*• bound to a surface 11 a Se9 " enCe - ^ ° NA " 
5 denatured so that llul °"' *"d " then 

separated. T he l^^^rr 
indicator, is then added tolhela mp l llV^f 
specific =o,ple„e» tary Eequence o( "£ " «. 

- the sample, the sample and probe wil! col" 
" Uabou " a l«bel is washed away al tl co " bin «- 

bound labelled probe is r. h Ple staining 

hereinabove with' ^rL-*,---- — 

the pr^r^ 1 :: as rir ais ° withi - « 

i * uon ' x n such an assav • ^. 

C °"~t i= labelled with an isotope slh " d "' t " 
phosphorus-32 or iodine-l 25 whi, h 

m the performance of I radlols \ " dia "°"- 

labeled component, typical ai TTIV'"" 

the analyte of interest tt * ntl body, is bound to 

reading of the eentral react . „ ° " read - Th * 

-is e^ent by the In of T^lT" *" 

screen. Phosphor screens are well LI . Ph ° SPh ° r 
are used to convert electro^ " " rt and 

» ™ese screens are co^ld l "^^ 

crystals, phosphors, which lit TiZ " k 1U1 " ineSCent 
eiectrons. m the present cl. T bombarded by 

receives gMM radially ll l e 

in turn, ei »its photons which , 1^ ^•"r^ ^ 

0 detection system Thus, in Fig f" 0 *"*? " y **• 

the phosphor screen which receives 'el T" " "* 
ration and emits light "Z^ ^ * ™ *™" 
and processed in the .anner Tjl in L ^ ** ° Pti " 14 
this manner, ga^a particles"! P^-sly . ln 

1 detectab]= „>, '» ' are converted into 
Detectable photons which are r .»(™j 

received and processed as 
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described hereinabove. Other types of gamma-to-photon 
conversion means are also usable and within the scope of 
the present invention. 

As an illustration of the sensitivity of the IPD 
array detector system, the well established firefly 
luciferase/luciferin-based assay for ATP provides a 
useful reference. Thus, using the standard "T.umac" 
firefly lucif erase/luciferin reagents for the 
bioluminescent ATP assay in the Lumac Biocounter 
luminometer, the lower limit for the assay (carried out 
as recommended by the manufacturer) is set by the 
"background" count of photons (of about 10/second) 
typically experienced. This sets the lower limit of the 
determination at about 5xl0 -15 moles ATP per sample. In 
contrast, using the IPD system described above, the lower 
limit of the determination, using similar criteria, is 
set at about 5xl0~ 17 moles ATP. 

The invention will be further illustrated in 
conjunction with the following Example, which is set 
forth for purposes of illustration only and not by way of 
limitation . 
Example 

Monoclonal antibodies are prepared according to the 
method of Kohler and Milstein noted above. In 
particular, an antibody to Shigella is prepared by the 
procedure described in WO-A-86/00035 and labelled with 
luminescent compounds such as the firefly 
luciferase/luciferin/ATP system. These luminescent 
labelled antibodies are then adsorbed onto the surface of 
a microtiter tray. Additionally, each well of the tray 
may contain labelled monoclonal antibodies to different 
antigens, thus allowing diagnosis for the presence of a 
wide variety of different antigens at the same time. 
This microtiter tray thus contains a number of known 
antibodies at known x-y addresses or areas on the tray. 
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The tray is then washed with th» 

unknown antigen (s, and an anti! Gaining ths 

occurs. Next , the tr ay s 'T"' ' reaC "° n 
are reeved. Then , ^ tray L p 1 aTd Unb ° Und 
carrier holder of the i„„ " the s Pe=i*>en 

Ascribed above. The prl Ph0t ° n < '"" tl »« -y.t«. 
antigen,*, tn th e specC TTr" T ""^ °* 
venerated by the cha'ra^erilrL^rr 1 " 6 " 3 * ^ 
reactions and their x-y l0 c ati ! antl9en - antib ° d 3' 

y location on the nicrotiter tray. 
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CLAir.S 

1. A system for detecting photons generated by a 
chemical reaction, which comprises: 

a sample carrier having spaced-apart discrete areas 
5 each containing a reactant capable of emitting photons if 
a reaction takes place; 

a photon receiver, for receiving photons emitted 
from each reaction simultaneously; and 

a signal generator coupled to the photon receiver, 
10 for generating a signal representing the x-y location of 
each reaction; 

whereby each reaction and the number of its photon 
emissions during a predetermined period of time may be 
simultaneously identified, 
15 2. A system according to claim 1, wherein the signal 
generator is a photomultiplier tube having a 
photoconductive target, a charge-coupled device or a 
vidicon tube, for producing x-y location output signals 
representing the light intensity or number of photons 
20 emitted by each reaction. 

3. A system according to claim 1 or claim 2, which 
further comprises : 

a computer coupled to the signal generator, for 
receiving and storing each of the signals, whereby the 
25 x-y location and number of photons generated by each 

reaction during the predetermined period of time can be 
accessed; and 

display means coupled to the computer, for 
presenting a representation of each reaction area and the 
30 number of its photon emissions. 

4. - A system according to any preceding claim, which 
comprises means for subtracting background noise signals 
from signals representing reactions, whereby the 
resulting signal represents substantially only photon 

35 emissions from the reactions. 
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means for comparing the sian*i • 
5 different reactions. 9 ^ emitted from 

6. A system accordina to 

the signal generator ge 9 n :: at a ^ IIH^ <*•*.. wherein 
system further corcpriLs 9 Slgn3lS ' and the 

signals, and ' *"* ""^ si ' nals *» digital 

a microprocessor coupled <-k 
converter. which includes sto'l '-^"to-digital 
Plurality of locations thereL c l 3 
arrangement or array of arl" C ° rreSp0ndin * to the 
spring the digita/signa" " °' r "° W ~" *« 

-d the system further ^11 

f ™ "eTei"::: 1 :: t f : r th oo r n9 " 9ht ph — 

generate x - y loc^ ^ ^TtT^^' " 
^.intensity or nu^er of ^ 1^7^ 

8- A system according to claim 7, whicn 
comprises: nic " further 

system, such that only reaction/ ° P " 

wavelength are monitored " £".££7 ° f **" 

emission. system for photon 



emission . 
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two-dimensional array of ^Tj^^ ~ 
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reactant contains an indicator which, on 
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ZT t T' f ^ U9ht ° f 3 WaVele ^ th Afferent fro* that 
emitted from other reactions. 

11. A system according to any preceding claim, wherein 
each reactant is a labelled monoclonal antibody against 
an antigen, and the label emits l ight on reac tion between 
the antxbody and the antigen. 

1?. A system according to any of claims 1 to 10, wherein 
each reactant is a labelled DNA or RNA probe specific for 
its complementary sequence in DNA or RNA , respectively 
and the label emits light on reaction between the probe 
and a sample containing the complementary sequence 

13. A system according to any of claims 1 to 9 , wherein 
each reactant is an isotope-labelled antibody, and gamma 
rays are emitted on reaction between the antibody and an 

15 antigen; if desired, the system further comprises a 

Phosphor screen, for converting the emitted gamma rays 
into light photons. 

14. A method of detecting chemical reactions, which 
comprises detecting photons emitted, on reaction, from 

20 spaced-apart discrete areas each containing a reactant 
capable of emitting photons when the reaction takes 
Place, and simultaneously determining the x-y location of 
each photon emitted. 

15. A method according to claim 14, which further 

25 comprises determining the total photon emission of any 
reacting sample during the given time. 

16. A method according to claim 12 or claim 13, which 
comprises a step or steps corresponding to the function 
defined for a system according to any of claims 3 to 6 

3 0 17. a method of detecting chemical reactions, by using a 
system according to any of claims 1 to 13, which 
comprises introducing an analyte on to the discrete areas 
of the sample carrier, wherein one of the analyte and the 
sample carrier contains the said reactant and the other 

35 1S under test to determine whether or not it. contains a 
component which reacts with the reactant. 
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© Imaging immunoassay detection system and method. 

(§) Light generated by one or more chemical reactions in a 
discrete array is determined, both as to emissions per reac- 
tion and as to relative location of the reactions, e.g. by using a 
system comprising: 

a sample carrier having spaced-apart discrete areas each 
containing a reactant capable of emitting light photons if a 
reaction takes place; 

a photon receiver, for receiving photons emitted from 
each reaction simultaneously; and 

a signal generator coupled to the photon receiver, for 
generating a signal representing the x-y location of each 
reaction. 

The signal generator may be a photomultiplier, charge- 
coupled device or vidicon tube. The invention is particularly 
suited to the determination of reactions and non-reactions, 
e.g. between an array of labelled antibodies and a specimen 
potentially containing one or more complementary antigens, 
in an immunoassay. 
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